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ABSTRACT 
The thesis attempts to evaluate the impact of schooling levels on health, using self-
reported physical health status and other health outcomes as indicators. Through 
exploration of the determinants of health, the core question of whether and how 
increased education leads to better health is examined. Using an exceptionally large 
sample of 914 pairs of Chinese identical twins, the study establishes a more reliable 
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1 Introduction 
The relationship between health and socioeconomic status (SES) has been a focus of 
attention both in medicine and social science since the 1960s. Smith (1999) points 
out that incorporating health uncertainty and risk into the economic model should 
eventually enrich the understanding of the basic tenets of household behavior. 
Numerous early empirical studies (Stockwell, 1963; Fuchs, 1965; Hinkle et al.，1968; 
Kitagawa and Hauser, 1968) lend support to the statement that among socioeconomic 
variables years of schooling is probably the most important correlate of good health. 
In fact, the positive correlation between schooling and health outcomes has been 
called "one of the strongest generalizations to emerge from empirical research on 
health in the United States" (Farrell and Fuchs, 1982, p.217). This is true whether 
health levels are measured by mortality rates, morbidity rates, self-evaluations of 
health status, physiological measures and whether the units observed are individuals 
or groups. 
The observed positive relation between health and education has been 
explained in various ways. The early explanations are based on the hypothesis that 
schooling increases an individual's ability to produce health and the efficiency of 
household production of health (Grossman, 1972, 1976; Berger and Leigh, 1989). 
Recently, a number of health economic studies argue that schooling is related to 
health status directly by improving health knowledge and indirectly through 
encouraging health behavior (Kenkel, 1990，1991; Variyam et al., 1996). Others 
assert that one or more unobserved variables such as genetic or personality factors 
affect both health and education in the same direction (Fuchs, 1982; Farrell and 
Fuchs, 1982). For example, individuals with a low rate of time discount, a strong 
preference for the future relative to the present, are more likely to invest in further 
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schooling and are also more likely to engage in healthier activities and habits. 
Reverse causality may also help produce a positive relation between education and 
health. Healthier youth may be more able and more likely to pursue further schooling, 
and health as youth is highly correlated with adult health (Petri’ 1984; Wolfe, 1985). 
However, there are limitations in the literature reviewed above. Studies of the 
impact of schooling on health-related behaviors and health outcomes generally do 
not control for endowments that are correlated with schooling, and thus may 
confound the schooling effects with endowment effects. Thus application of lest 
squares to a regression of the health outcomes on years of schooling and some 
control variables cannot generate coefficient estimates for years of schooling 
consistently. The problem is that the cross-sectional comparison of individuals with 
different years of schooling does not generate consistent estimate even if the 
individuals are identical with respect to the observed control variables. For example, 
if more educated individuals tend to be healthier or blessed with advantageous family 
backgrounds, and if these advantages are not completely accounted for by the 
measured control variables, then the more educated individuals typically would have 
better health status even without their additional schooling. It therefore is difficult to 
ascertain how much of the empirical association between education and health due to 
the causal effect of education and how much is due to unobserved factors that 
influence both health and education. 
In our research, the unobserved variables are divided into two different 
categories. One unobserved variable category is considered as individual health 
endowment, which is physically inherited. Some are inborn with advantageous health 
endowment while others are with lower health endowment. Such genetic health 
endowment is essentially associated with adult health outcomes but usually 
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unobserved in traditional research studies. The second unobserved variable category 
is considered as family health knowledge background. Difference in health 
knowledge background is substantial across different families and contributes a great 
part to adult health behavior. For example, parents with university education usually 
put more emphasis on the positive role of physical exercises and harmful effects of 
cigarette and alcohol consumption within their families. 
Some of the limitations above may be overcome by employing twins data. 
The earliest attempt to look at sibling data in economics can be traced back to 
Gorseline (1932)，which sets the pattern for most of the work to come by asking 
whether education pays while contrasting the different educational experiences of 
brothers. Following this, studies, such as Behrman and Taubman (1976) and 
Behrman et al. (1980), use monozygotic (MZ) twins to control for unobserved 
"ability" endowments to attempt to identify the impact of schooling on earnings with 
control for omitted variables biases. They solve the problem by contrasting the wage 
rates of identical twins with different schooling levels. The goal is to ensure that the 
correlation observed between schooling and wage rates is not due to a correlation 
between schooling and a worker's ability or other characteristics. In other words, 
they estimate the returns to education by taking advantage of the fact that MZ twins 
are generically identical and have similar family backgrounds. Twins are more alike 
than a randomly selected pair of individuals on a variety of socioeconomic 
measurements. This correlation arises from many sources: common heredity, both 
physical and cultural; similar access to financial resources; exposure to similar 
influences of friends, neighbors, schools and other aspects of their particular 
community; the likelihood, even in adulthood, of closer location in space and hence 
exposure to similar regional price differentials and common business-cycle effects; 
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and more. Some of these effects are measurable, but many are not, or only 
imperfectly so. This leads then to the expectation that in models of socioeconomic 
achievement that the disturbances, which represent the force of all "other" 
unmeasured factors, will be correlated positively across twins. A major focus of their 
work has been the attempt to eliminate potential biases in estimates of the returns to 
schooling due to the presence of such unmeasured factors as "ability" or "family 
culture" by the use of differences between twins as the basic source of information. If 
MZ twins are identical with respect to these factors and if their schooling differences 
were randomly generated, this approach would generate consistent coefficient 
estimates that we desire. In a recent paper, Ashenfelter and Krueger (1994) have 
estimated the economic returns to education using data on a new sample of 149 pairs 
of identical twins which permitted them to adjust their estimate for omitted ability 
variables and measurement error. 
Within the context of twins study in schooling returns, knowing the true 
returns is especially important for China, which is experiencing the transformation 
from a redistributive economy to a market economy. People have argued that returns 
to education in China would increase after the reform. The main reason behind this 
argument is that a large gradation in earnings by level of education reflects returns to 
individuals' investment in education in market economies (Mincer, 1974). Our 
research has been primarily concentrated on the study of how increased education 
leads to better health and taken the perspective that improved health is another part 
of return to schooling, similar to the conventional study of earnings. Most studies in 
this field does not take account of omitted ability variables or measurement error 
problem, so that the true value of the returns to education in the form of health 
outcomes may still remain unavailable. Our study uses a new survey of Chinese 
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twins to adjust our estimate for omitted ability bias. Therefore, we hope it could 
make some contribution to the literature dealing with ability bias and China issues. 
Another concern in study of returns to education, especially twins study, is 
the impact of measurement error. Early attempts using twins data do not eliminate 
biases due to individual-specific endowments that differ across twins, which may be 
important determinants of behaviors. Griliches (1979) concludes the estimation of 
the exacerbation of classical measurement error biases toward zero for within-twins 
estimates. Because MZ twins are highly correlated in their years of schooling, 
within-pair differencing filters out most of the "signal" component of schooling 
variation without a commensurate reduction in the "noise" from measurement error. 
As a result, the covariance estimator probably is subject to a much more severe 
errors-in-variables inconsistency. It was not until Ashenfelter and Krueger (1994) 
that a solution for this measurement error was provided. They use reports of others 
on each twin's schooling to reduce the effect of measurement error and their results 
support the view that measurement error may lead to considerable underestimation of 
the returns to schooling in studies based on twins. If self-reported education is 
measured with error this provides a potential instrument since the report of the other 
twin should be correlated with self-reported education level but uncorrelated with the 
equation regressed. This strategy was adopted in the subsequent twins studies (Miller 
et al.，1995; Behrman and Rosenzweig, 1999) and we use it as well. 
Although we could arrive at more reliable conclusion about the impact of 
education on health using unique Chinese twins data after controlling for omitted 
variables bias and measurement error, the endogeneity problem remains. Healthier 
youth would have greater educational achievement. Health as youth is also highly 
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correlated with adult health. We would explore an effective instrumental variable for 
education to solve the engeneity in our further research. 
The significance of this study could be presented from several perspectives. 
First, to our knowledge, it represents the first endeavor in the literature to explore the 
relationship between schooling and health using twins data, which control for the 
omitted ability bias. There have been many twins studies examining the estimated 
earning returns to education both in developed and developing countries. But we are 
the first to take the perspective that improved health is another version of the returns 
to schooling, besides the conventional study of earnings. Our study would further 
highlight the importance of education since it is of dual benefits to human beings. 
Second, it is the first study on China to present the returns to schooling in the form of 
health outcomes. In developing countries, where liquidity constraints and family 
background are likely to be important determinants of education, omitted variables 
bias might be larger in estimating the returns to education. Our estimation would 
receive policy attention from developing countries in transition like China in the 
sense that underinvestment in education not only has effects on earnings but also on 
health status. Policymakers may seek to increase expenditures on education as a cost-
effective technique for increasing aggregate levels of health. Third, we investigate 
the impact of education on health behaviors before exploration of the direct impact of 
education on health. It will give a more complete picture of the importance of 
education. Forth, we follow Ashenfelter and Krueger's (1994) innovation of asking 
one twin to report on the schooling of the other, in order to examine possible 
measurement error. 
The results of our study indicate that education has significant positive effect 
on health status in China. We find strong evidence that unobserved endowment is 
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negative related to the schooling level completed. The OLS pooled estimates bias 
downward the effect of education on health. We also find significant evidence of 
measurement error in schooling levels. Our results indicate that measurement error 
may lead to considerable underestimate of the returns to schooling in studies based 
on identical twins. 
The structure of the rest of this thesis is as follows: in the next section we 
review previous work in this field. In Section 3 we specify the empirical strategies. 
In Section 4 we describe the data. In Section 5, we present the empirical results. 
Section 6 concludes. 
2 Literature Review 
2.1 Conceptual foundations and empirical implications 
Economists have already established a quantitatively large association between many 
measures of economic status and a variety of health outcomes, although no definite 
conclusion about the direction of causation and the specific mechanism is arrived. In 
Grossman's (1972a, 1972b) model, health, defined broadly to include longevity and 
illness-free days in a given year, is both demanded and produced by consumers. 
Health is a choice variable because it is a source of utility and because it determines 
income or wealth levels. The health production function relates an output of health to 
such choice variables or health inputs as medical care utilization, diet, exercise, 
cigarette smoking and alcohol consumption. In addition, the production function is 
affected by the efficiency or productivity of a given consumer, the amount of health 
obtained from a given amount of health inputs, as reflected by his or her personal 
characteristics. Examples include age, race, sex, years of schooling completed and 
the endowed or initial level of health. Maximization of the utility function subject to 
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health production and resource constraints generates demand functions for health and 
endogenous health inputs. These demand functions depend on income, prices, 
efficiency in production, tastes and the health endowment. Taste variables influence 
the choice of different health levels by consumers with identical incomes, prices, 
efficiency and endowments. 
The distinction between health and health inputs, which is embedded in the 
multivariate production function, is a useful point of departure for research on the 
effects of education on health because it emphasizes a variety of mechanisms that 
govern health outcomes. Thus, education can influence health levels by influencing 
endogenous health inputs or by influencing the amount of health produced or 
obtained from a given vector of these inputs. 
A number of studies in the United States suggest that years of formal 
schooling completed is an important correlate of good health (Grossman, 1972b; 
Grossman and Behrman, 1974; Grossman and Jacobowitz, 1981; Gorman and 
Grossman, 1985; Pappas et al., 1993). This finding emerges whether health levels are 
measured by mortality rates, morbidity rates, self-evaluation of health status, or 
physiological indicators of health and whether the units of observation are 
individuals or groups. It is notable because the studies suggest that schooling is a 
more important correlate of health than is occupation or income, the two other 
components of socioeconomic status. This is particular true when one controls for 
reverse causality from poor health to low income. Schooling is a causal determinant 
of occupation and income, so that the gross effect of schooling on health may reflect 
in part its impact on socioeconomic status. The studies just cited, however, indicate 
that a significant portion of the gross schooling effect can not be traced to the 
relationship between schooling and income or occupation. 
10 
In a broad sense, the observed positive correlation between health and 
schooling may be explained in one of three ways. The first argues that there is a 
causal relationship that runs from increases in schooling to increases in health. The 
second holds that the direction of causality runs from better health to more schooling. 
The third argues that no causal relationship is implied by the correlation; instead, 
differences in one or more "third variable", such as physical and mental ability and 
parental characteristics, affect both health and schooling in the same direction. These 
three explanations are not mutually exclusive and can be used to rationalize any 
observed correlation between two variables. 
Causality from schooling to health results when more educated persons are 
more efficient producers of health. This efficiency effect can take two forms. 
Productive efficiency pertains to a situation in which the more educated obtain a 
larger health output from given amounts of endogenous inputs. Allocative efficiency 
pertains to a situation in which schooling increases the use of health inputs. 
Alternatively, the direction of causality may run from better health to more schooling 
because students may be more efficient producers of additions to the stock of 
knowledge or human capital via formal schooling. The "third variable" explanation 
is particularly relevant if one thinks that a large unexplained variation in health 
remains after controlling for schooling and other determinants. 
2.2 Evidence of the direct casual effect of schooling on health 
We begin our review of the empirical literature dealing with the schooling-health 
correlation by summarizing studies that attempt to determine whether schooling has a 
direct causal impact on the health of adults. Thus, these studies primarily focus on 
the impact of schooling on health, although some of them also treat various 
mechanisms that explain the observed effect. 
11 
Grossman (1975) subjects the alternative explanations of the observed 
positive correlation between schooling and health to empirical testing and concludes 
that schooling has a significant and large causal impact on the current self-rated 
health of middle-aged white males in the NBER-Thorndike Sample. The estimated 
schooling effect in Grossman's study controls for health in high school, parents' 
schooling, scores on physical and mental tests taken by the men when they were in 
their early twenties, current hourly wage rates, property income and job satisfaction. 
His finding is particularly notable because all the men graduated from high school. 
Hence, it suggests that the favorable impact of schooling on health persists even at 
high levels of schooling. Grossman's decomposition of the schooling effect reveals 
that a substantial fraction of this effect operates via the impact of schooling on wife's 
schooling, job satisfaction and weight difference. When these variables are included 
as regressors, they reduce the schooling effect by almost 40 percent. 
The importance of schooling as a determinant of self-rated health status and 
disability of persons in the preretirement years is reinforced in studies by Leigh 
(1983)，Kemna (1987), Wagstaff (1986) and Desai (1987). Leigh (1983) employs 
data from the University of Michigan's Quality of Employment Surveys of 1973 and 
1977 and considers persons 16 years of age and older who worked for pay for 20 or 
more hours per week in these two national surveys. He shows that most of the 
statistically significant positive effect of schooling on health can be explained by 
decisions with regard to cigarette smoking, exercise and the choice of less hazardous 
occupations by the more educated. This finding provides support for the allocative 
efficiency hypothesis or the taste hypothesis. 
Wagstaff (1986) uses the 1976 Danish Welfare Survey to estimate a 
sophisticated multiple indicator version of Grossman's (1972a, 1972b) health model 
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by maximum likelihood methods. He performs a principle components analysis of 19 
indicators of non-chronic health problems to obtain four health indicators that reflect 
physical mobility, mental health, respiratory health and presence of pain. He then 
treats these four variables as indicators of unobserved stock of health capital. In his 
pure investment specification of demand for health, an increase in schooling leads to 
an increase in the stock of health. 
Kemna (1987) reports significant schooling coefficients in self-rated health 
equations estimated from the 1980 National Health Interview Survey. His findings 
are notable because he controls for the initial level of health with a dichotomous 
variable that indicates activity limitation due to chronic conditions. Unlike Leigh, 
Kemna reports a large schooling effect even when the level of occupational hazard is 
held constant. His occupational measures, which are based on objective indicators 
from the Dictionary of Occupational Titles, are more refined than the self-reported 
measures used by Leigh. Moreover, Kemna utilizes information on both the 
respondent's current job and longest job, while Leigh lacks this information. 
In a study limited to low-income men in the 1974 Health Interview Survey, 
Desai (1987) finds significant positive impacts of schooling on their self-rated health 
and significant negative impacts on their work-loss days due to illness. Her results 
control for such factors as the number of chronic conditions (a measure of the initial 
level of health), the use of preventive medial care and house crowding. Together with 
Grossman's (1975) results for high-income men, they suggest that the beneficial 
impacts of schooling on health are observed at all levels of income. 
The importance of schooling as a determinant of the self-rated health of older 
males and the mortality experience of males of all ages is underscored in studies by 
Taubman and Rosen (1982) and Sickles and Taubman (1986). Taubman and Rosen 
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(1982) use the 1969’ 1971 and 1973 Retirement History Survey to study the self-
rated health and survival experience of white males who were between the ages of 58 
and 63 in the initial year of this panel survey. The dependent variables compares 
health with that of others the same age and has four categories: better, same, worse 
and dead. With health in 1969, income and marital status held constant, health levels 
in 1971 and 1973 and changes over time are strongly related to years of formal 
schooling completed. There also is evidence that own schooling is a more important 
predictor of health than wife's schooling for married men. 
Sickles and Taubman (1986) add the 1975 and 1977 waves to the panel data 
employed by Taubman and Rosen and include black as well as white males in their 
analysis. They fit a model with two endogenous variables: health status and 
retirement status. The model is recursive (health status determines retirement status) 
and allows for correlated errors between the two equations and heterogeneity, which 
is treated as a random effect. Since the health equation is an ordered polytomous 
probit and the retirement equation is a binary probit, full information maximum 
likelihood estimation methods are employed. As in the Taubman-Rosen study, higher 
schooling levels are associated with better health. Taken together, the two studies 
suggest that the schooling effect is not sensitive to very different model 
specifications and estimation strategies. 
Few studies have tested for causality in the relationship between education 
and self-rated health status (SRH). Table 1 lays out the main studies. Based on 1987 
National Medical Expenditure Survey (NMES), Gilleskie and Harrison (1998) are 
able to study the direct, productive effect of education on the production of health as 
well as the indirect, allocative effect of education on health through the demand for 
curative and preventive medical care. They confirm the significant productive effect 
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of education on health status. An additional year of schooling appears to improve the 
probability of good health and reduces the probability of fair and poor health 
considerably among males and among females, the productive effect of an additional 
year of schooling increases the probabilities of excellent and good health and 
decreases the fair and poor health probabilities. In addition to this direct effect of 
schooling on health, education indirectly affects the health outcomes of individuals 
by influencing the allocative efficiency with which people of varying education 
levels select and use inputs to produce health. Education has the largest positive 
influence through consumption of curative medical care inputs. 
Adams (2002) uses the sample from the first wave of the Health and 
Retirement Study (HRS) in 1992 and employs one's quarter of birth (first used by 
Angrist and Krueger (1991)) as an instrumental variable aimed at purging estimates 
of biases resulting from individual-specific error components correlated with 
education. Such evidence provides greater confidence that education has an 
independent effect on health, even at advanced ages. The OLS results indicate that 
older people with higher levels of educational attainment have better health outcomes. 
This holds even after controlling for the observable demographic characteristics of 
the individual and his/her family background, including intergenerational 
transmissions (whether one's mother and father are still living) and childhood 
environment (parents' education). The 2SLS results indicate that even after 
correcting for biases in the estimates resulting from omitted variables, education 
effect on health remains positive and significant. 
Arendt (2004) draws different conclusions from Adams (2002), He adds to 
the primarily US-based evidence by using a Danish panel dataset of employed 
persons and use Danish school reforms to instrument education effects. He uses a 
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two-period data set of Danish workers interviewed in 1990 and 1995 (The Danish 
National Work Environment Cohort Study (WECS)), aged 18-59 in 1990. For both 
men and women, a longer education is associated with better SRH. If endogeneity is 
allowed for, the relation between years of schooling and SRH increases in magnitude. 
However, as is found in many instrumental variables studies, the standard errors 
increase as well. It is concluded that it cannot be rejected that education is exogenous 
to health, nor can the null hypothesis of no effect of education be rejected. This study 
is, therefore, inconclusive about the education effect on health. 
In Groot and Brink (2005)，the data for the empirical analysis are taken from 
a large cross-sectional survey for the Netherlands, the 1999 Supplementary Provision 
Surveys (SPS) of the Dutch Social and Cultural Planning Bureau. Besides SRH, they 
also include parents' education to control for the genetic and social transfers of 
family kinship on the health status of the individuals and also age, marital status and 
two variables that indicate whether the father or the mother of the respondent was 
born outside the Netherlands. Both for women and for men they find that higher 
educated people are in a better health than lower educated people. 
2.3 Explanations of the schooling-health correlation 
We now turn to studies that attempt to explain the positive correlation between 
schooling and health status of adults. Some of these focus on allocative efficiency as 
reflected by changes in such health inputs as cigarette smoking, excessive alcohol 
use, exercise and nutrient intakes caused by third variables, most notably differences 
in time preference among individuals. 
Kenel (1991a) explores the allocative efficiency hypothesis by examing the 
extent to which schooling helps people choose healthier behaviors and health 
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outcomes. He uses direct measures of health knowledge to test this explanation. He 
does this by estimating the separate effects of schooling and health knowledge on 
cigarette smoking (the number of cigarettes smoked per day), excessive alcohol use 
(the number of days in the past year on which the respondent consumed five or more 
drinks of an alcoholic beverage) and exercise (the number of minutes of exercise in 
the past two weeks) using data from the Health Promotion/Disease Prevention 
Supplement to the 1985 National Health Interview Survey. Cigarette knowledge is 
measured by the number of correct responses to whether smoking causes each of 
seven illnesses. Drinking knowledge is measured by the number of correct responses 
to whether heavy drinking causes each of three illnesses. Exercise knowledge is 
given by correct responses for the amount of exercise required to strengthen the heart 
and lungs and the required change in heart rate and breathing. With age, family 
income, marital status, employment status, veteran status (for males only) and self-
reported stress levels held constant, and increase in schooling leads to a reduction in 
smoking and excessive alcohol use and an increase in exercise. Moreover, 
knowledge of the health consequences of smoking decreases smoking, and similar 
relationships hold for excessive alcohol consumption and exercise. The results also 
show that part of the relationship between schooling and health behavior is due to 
health knowledge, but the schooling coefficients are significant with health 
knowledge held constant. Moreover, the reductions in schooling coefficients due to 
the inclusion of health knowledge are relatively small; they range between 5 and 20 
percent. The results are not altered when health knowledge is treated as an 
endogenous variable. Kenel interprets this result as indicating that unobservables, 
such as individual rates of time preference, are important determinants of health 
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behavior and schooling but acknowledges that other interpretations are possible, such 
as the productive efficiency hypothesis proposed by Grossman (1972a, 1972b). 
The allovative efficiency hypothesis also is related to the large literature on 
the role of nutrition in health outcomes, primarily in developing countries. Much of 
this literature employs anthropometric measures of health (height, height for age, 
weight, weight for age, or weight for height). In a series of related papers, Behrman 
and Wolfe (1983，1987, 1989) study the role of schooling in nutritional, 
anthropometric and other health outcomes in a sample of women aged 15 to 45 and 
their families in Nicaragua, which was collected in 1977-78. They focus on the 
importance of women's schooling as opposed to family income in the determination 
of these outcomes and the extent to which the observed schooling effects are causal. 
In the first study Wolfe and Behrman (1983) use data for approximately 
1,000 households residing in Managua. They measure nutrient intake in terms of 
calories, protein, iron and Vitamin A based on information on the number of times 
each of 15 food groups was served per week. Each nutrient intake is normalized by 
international standards, given the demographic composition of the households. The 
regression coefficients of woman's schooling are positive and significant for all four 
nutrients. Household income coefficients also are positive, but they are significant 
only for protein and Vitamin A. Based on these results and the small income 
elasticities, they conclude that schooling is a more important determinant of nutrient 
intake than income. For protein and Vitamin A, Wolfe and Behrman present some 
evidence in support of allocative efficiency since the schooling coefficients fall when 
measures of the woman's nutrition knowledge are introduced as regressors. The 
schooling coefficients, however, retain their significance in these extended 
specifications. 
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In the last two studies Behrman and Wolfe (1987, 1989) address the extent to 
which the observed effect of schooling in the Nicaraguan data is causal. Here they 
consider not only the relationship between schooling and family nutrition but also the 
relationship between schooling and women's health measured by the number of days 
too ill to work in the past year and whether the woman ever had four types of 
diseases: parasitic, medically preventable, therapeutically preventable and diseases 
prevented by public policy. The issue in both papers is whether schooling effects 
reflect unobserved intergenerational endowments. Not only do they include genetic 
factors but also those associated with the childhood family experiences of adults as 
reflected by a variety of family background variables. The approach in the 1987 
paper is to estimate a multiple-indicator, multiple-cause model using full information 
maximum likelihood methods. In 1989 paper, they estimate Chamberlain's (1980) 
random-effects model and a fixed-effects model. The research by Behrman and 
Wolfe is unique in that they bring so many different approaches and econometric 
methodologies to bear in examining relationships between schooling and health and 
schooling and nutrition in a single but extremely rich sample. The weight of the 
evidence that they present supports a causal interpretation of the impact of schooling 
on these outcomes. The evidence has much less to say about the mechanisms at work. 
Kenkel (1999) employs a dataset from the Health Promotion/Disease 
Prevention (HPDP) supplement to the 1985 Health Interview Survey to estimate the 
separate effects of health knowledge and schooling on the consumption of cigarettes, 
alcohol and exercise. Both health knowledge and schooling are found to decrease 
smoking and heavy drinking and to increase exercise. Although part of the 
relationship between schooling and the health behaviors is due to the differences in 
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health knowledge, most of the schooling's effects remain after differences in 
knowledge are controlled for. 
According to the 1994 Diet and Health Knowledge Survey (DHKS) of the US 
Department of Agriculture (USDA), Nayga (2001) finds that schooling's effect on 
obesity are not due to individual health knowledge differences in women and men. 
Schooling has a negative effect on the odds that a man or a woman is obese while 
health knowledge has a negative effect on the odds that a woman is obese. The 
simulations conducted suggest that schooling has a relatively substantial positive 
effect on the reduction of the odds of being obese. 
Fuchs (1982) has challenged the conclusion in most of the studies 
summarized in this section that schooling has a substantial causal impact on health. 
He argues that the relationship may be due to an omitted third factor: namely, 
differences in time preference among individuals. That is, people who are more 
future-oriented (who have a higher degree of time preference for the future) attend 
school for longer periods of time and make larger investments in their health. Fuchs 
attempts to measure time preference in a telephone survey by asking respondents 
questions in which they choose between a sum of money now and a larger sum in the 
future. He includes an index of time preference in a multiple regression in which 
health status is the dependent variable and schooling is one of the independent 
variables. Fuchs is not able to demonstrate that the schooling effect is due to time 
preference. The latter variable has a positive regression coefficient, but it is not 
statistically significant. When time preference and schooling are entered 
simultaneously, the latter dominates the former. These results must be regarded as 
preliminary because they are based on one small sample of adults in Long Island and 
on exploratory measures of time preference. 
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Farrell and Fuchs (1982) explore the time preference hypothesis in the 
context of cigarette smoking using interviews conducted in 1979 by the Stanford 
Heart Disease Prevention Program in four small, agricultural cities in California. 
They examine smoking behavior of white non-Hispanics who were not students at 
the time of the survey, had completed 12 to 18 years of schooling and were at least 
24 years old. The presence of retrospective information on cigarette smoking at ages 
17 and 24 allows them to relate smoking at these two ages to years of formal 
schooling completed by 1979 for cohorts who reached age 17 before and after the 
widespread diffusion of information concerning the harmful effects of cigarette 
smoking on health. 
Farrell and Fuchs find that the negative relationship between schooling and smoking, 
which rises in absolute value for cohorts born after 1953, does not increase between 
the ages of 17 and 24. Since the individuals were all in the same school grade at age 
17, the additional schooling obtained between that age and age 24 cannot be the 
cause of differential smoking behavior at age 24. Based on their results, they reject 
the hypothesis that schooling is a causal factor in smoking behavior in favor of the 
view that a third variable causes both. Since the strong negative relationship between 
schooling and smoking developed only after the spread of information concerning 
the harmful effects of smoking, they argue that the same mechanism may generate 
the schooling-health relationship. Farrell and Fuchs indicate two potential third 
variables that may generate the schooling-smoking relationship: mental ability and 
time preference for the future. 
Leigh (1985) presents evidence that supports Fuchs's (1982) finding that the 
positive relationship between schooling and health cannot be explained by time 
preference. Using the Panel Study of Income Dynamics, a nationally representative 
21 
panel survey conducted by the University of Michigan's Survey Research Center 
annually since 1968, Leigh measures health inversely with a dichotomous variable 
that identifies persons who became disabled (developed conditions that limited the 
amount or kind of work they could do) in 1971 or 1972. The independent variables in 
logit equations that explain the probability of becoming disabled pertained to the 
year prior to the onset of the disability. Schooling has a negative and statistically 
significant logit coefficient. When a risk preference index, which is highly correlated 
with a time preference index (Leigh, 1986), was introduced into the equation, the 
schooling coefficient declines by only 10 percent and remains statistically significant. 
Berger and Leigh (1989) have developed an extremely useful methodology 
for disentangling the schooling effect from the time preference effect. Their 
methodology amounts to treating schooling as an endogenous variable in the health 
equation and estimating by a variant two-stage least squares. If the instrumental 
variables used to predict schooling in the first stage are uncorrelated with time 
preference, this technique yields an unbiased estimate of the schooling coefficient. 
Since the framework generates a recursive model with correlated errors, exogenous 
variables that are unique to the health equation are not used to predict schooling. 
Berger and Leigh apply their methodology to two data sets: the first National Health 
and Nutrition Examination Survey (NHANES I) and the National Longitudinal 
Survey of Young Men (NLS). In the NLS, the two-stage least squares schooling 
coefficient is approximately equal to the ordinary least squares coefficient, although 
the latter is estimated with more precision. For persons aged 20 through 40 in 
NHANES I，schooling has a larger impact on blood pressure in absolute value in the 
two-stage regressions. For persons over age 40，however, the predicted value of 
schooling has a positive and insignificant regression coefficient. Except for the last 
22 
finding, these results are inconsistent with the time preference hypothesis and 
consistent with the hypothesis that schooling causes health. 
Sander (1995a, 1995b) has applied the methodology developed by Berger and 
Leigh to the relationship between schooling and cigarette smoking studied by Farrell 
and Fuchs (1982). His data consist of the 1986-91 waves of the National Opinion 
Research Center's General Social Survey. In the first paper, the outcome is the 
probability of quitting smoking while in the second the outcome is the probability of 
smoking. Separate probit equations are obtained for men and women ages 25 and 
older. Instruments for schooling include father's schooling, mother's schooling, rural 
residence at age 16, region of residence at age 16 and number of siblings. In general 
schooling has a negative effect on smoking participation and a positive effect on the 
probability of quitting smoking. These results are not sensitive to the use of predicted 
as opposed to actual schooling in the probit regressions. Moreover, the application of 
the Wu-Hausman endogeneity test (Wu, 1973; Hausman, 1978) in the quit equation 
suggests that schooling is exogenous in this equation. Thus Sander's results, like 
Berger and Leigh's and Leigh's results, are inconsistent with the time preference 
hypothesis. 
Becker and Murphy's (1988) theoretical model of rational addiction predicts 
that persons who discount the future heavily are more likely to participate in such 
addictive behaviors as cigarette smoking. Becker, Grossman and Murphy (1991) 
show that the more educated respond more to changes in the harmful future 
consequences of the consumption of addictive goods because they are more future 
oriented. Thus the trends just cited are consistent with a negative relationship 
between schooling and the rate of time preference for the present. 
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Another strand of literature about schooling-health correlation mainly focuses 
on intergeneration transfer (such as Lillard and Panis, 1996; Brooks-Gunn et al.， 
1997; Korenman and Miller, 1997). Recently there have been many efforts to 
describe the gradient of health and mortality with regard to income, class and to a 
lesser extent, schooling. Case et al. (2002) present evidence that the income gradients 
observed in adult health have antecedents in childhood and the intergenerational 
transmission of socioeconomic status may work through the impact of parents' long-
run average income on children's health. Using the US National Health Interview 
Survey (NHIS), their results indicate that children from poorer households enter 
adulthood in poorer general health with more serious chronic conditions and having 
missed more days of school, all of which may compromise their future earnings 
ability. 
Currie et al. (2004) argue that the National Health Service (NHS) in UK is 
successful in insuring the health of the children of low income UK parents as they 
find no evidence that the income effect on child health increases with child age. They 
also extend the findings of US research in a number of important ways. For example, 
they find clear effects of vegetable consumption and physical exercise on child 
health but controlling for these they find their income effect results are largely 
unchanged. They also show that an income effect exists for objective measures of 
child health derived from anthropometrical measurements and blood samples but not 
for a variety of subjective child health indicators. 
Doyle et al. (2005) further investigate the robustness of the main results 
presented in Case et al. (2004) and Currie et al. (2004). Compared with the previous 
literature, although they find stronger evidence of the age cohort differences in line 
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with the US literature, they treat both parental education and income as endogenous 
and find no significant income gradient and no significant interaction with child age. 
2.4 Literature review on twins data 
Almost all the literature above have mentioned that there are apparently one or more 
"third variables" that affect both health and schooling, such as family background, 
mental ability and individual difference in time discount (Grossman, 1976; Fuchs, 
1982; Farrel and Fuchs, 1986; Kenkel, 1991; Nayga, 2001). Further efforts to 
establish the casual relationship between health and schooling should take such 
"third variables" into consideration. 
Breakthrough in employing sibling data has already enabled economists to 
control for unobserved genetic and family background components through 
establishing causal relationship. The earliest attempt to look at sibling data in 
economics can be traced back to Gorseline (1932), which set the pattern for most of 
the work to come by asking whether education paid when one contrasted the 
different educational experiences of brothers. His results were used by Becker (1964), 
and the data were reanalyzed by Chamberlain and Griliches (1975). Since then there 
has been a rash of publications analyzing different sibling samples: Various scattered 
pieces of data on siblings were synthesized and reviewed by Jencks et al. (1972). 
Jencks and his associates (Corcoran et al., 1976; Jencks and Brown, 1977) have 
analyzed data on 99 pairs of brothers culled from the Talent Survey follow-up and on 
150 pairs of brothers collected by the National Opinion Research Center (NORC) in 
1973. Chamberlain and Griliches (1977) analyze 292 pairs of brothers from the 
National Longitudinal Survey (NLS) of young men with data on expected schooling 
and occupation and 161 pairs with actual (1970) wage data. Brittain (1977) analyze 
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about 60 pairs of Cleveland brothers. Olneck (1976, 1977) collect and analyze data 
on 346 pairs of brothers from Kalamazoo and Michigan. 
In a series of studies published between 1976 and 1980, Taubman and his 
associates (Behrman and Taubman, 1976; Taubman, 1976a, 1976b; Behrman et al., 
1977) have been analyzing a set of about 1,000 MZ and 900 dizygotic (DZ) twin 
pairs based on the National Academy of Sciences-National Research Council (NAS-
NRC) Twin Registry sample of white male army veterans. Behrman and Taubman,s 
estimates stand as the only ones of their kind until Ashenfelter and Krueger's (1994) 
study of participants in the 1991 Annual Twins Day Festival in Twinsburg, Ohio. 
Ashenfelter and Rouse's study (1998) incorporates data from the 1992 and 1993 
Twinsburg festivals, and Rouse (1999) further adds data from the 1995 festival. The 
Twinsburg studies have sparked interest in analyzing still other data on MZ twins. 
Behrman and Rosenzweig use data from the Minnesota Twin Registry. In addition to 
these studies based on U.S. samples, Miller et al. (1995) use the Australian Twin 
Register, Isacsson (1999) uses the Swedish Twin Registry, and Bonjour et al. (2003) 
use the London Twins Research Unit. 
Concentrating on what they have to say about the income-schooling 
relationship, one can divide them roughly into two groups: those who find only 
minor biases in the estimated returns to schooling due to omitted family background 
and those who find that family background accounts for a major portion of the 
observed income-schooling relationship and is a major source of income inequality 
over time. This division is due in part to the way the question is phrased and in part 
to differences in methodology, but mostly to the fact that different samples appear to 
be telling different stories. 
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Jencks and his associates (Corcoran et al., 1976; Jencks and Brown, 1977) 
report results for 99 pairs of brothers culled from the 11-year follow-up of the Talent 
Survey. Because their results show almost no decline in the schooling coefficient 
from total to within-family estimates, Jencks et al. conclude that the unobservable 
components that are common to the earnings of brothers have little to do with 
measured parental characteristics and are only weakly related to the unobservable 
family components in test scores and in schooling. 
Chamberlain and Griliches (1977) employ a more recent and more 
representative set of data on 292 pairs of brothers culled from the 1969 National 
Longitudinal Survey of Young Men, containing data on two types of test scores: IQ 
and a test of knowledge of the world of work. A similar two-unobservable-factors 
model was estimated using both test scores as indicators of unmeasured ability. The 
implied unobservable factor which had positive effect on the test scores and 
schooling appears to have no significant effect on expected occupational earnings net 
of expected schooling while the unobservable that is correlated significantly with 
both expected schooling and earnings has opposite signs in the two equations. 
Olneck (1977) analyzes data on 346 pairs of brothers from Kalamazoo, 
Michigan, who were between 35 and 59 years old in 1973. Once the within estimates 
are computed, including IQ, its coefficient goes up and the schooling coefficient 
drops significantly, to about less than half of its original value, so Olneck concludes 
that the combined ability-background bias in the income-schooling relationship is 
quite large. 
Ashenfelter and Krueger (1994) use a new survey of identical twins to 
estimate the returns to schooling by contrasting the wage rates of identical twins with 
different schooling levels. The new survey, patterned after the questionnaire used by 
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the Bureau of the Census for the Current Population Survey (CPS), was conducted at 
Annual Twins Days Festival in Twinsburg, Ohio in August of 1991. They find no 
evidence that unobserved ability is positively related to the schooling level 
completed but some weak evidence that unobserved ability may be negatively related 
to schooling level. The results indicate that measurement error may lead to 
considerable underestimation of the returns to schooling in studies based on twins 
data. 
While estimating the returns to schooling by comparing earnings between 
MZ twins, researchers make full use of the fact that MZ twins are genetically 
identical and have similar family backgrounds. MZ twins are likely to be more alike 
than a randomly selected pair of individuals on a variety of socioeconomic 
measurements such as common heredity, both physical and cultural; similar access to 
financial resources; exposure to similar influences of their particular community. 
The same principle lies in our attempt to establish the casual relationship between 
health and schooling. The goal is to ensure that the correlation observed between 
schooling and health status is not due to a correlation between schooling and an 
individual's endowments and other unobservable characteristics. 
Another concern in studies of returns to education, especially studies based 
on twins data, is the impact of measurement error. Although the impact of 
measurement error probably is small for the cross-sectional estimator, Griliches 
(1979) has explained that its impact may be much greater for the within-twin-pair 
estimator. Because MZ twins are highly correlated in their years of schooling, 
within-twin-pair differencing filters out most of the "signal" component of schooling 
variation without a commensurate reduction in the "noise" from measurement error. 
As a result, the within-twin-pair estimator probably is subject to a much more severe 
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errors-in-variables inconsistency. An important innovation of the Ashenfelter and 
Krueger (1994) study is to ask each twin to report his/her own and his/her sibling's 
education. If self-reported education is measured with error this provides a potential 
instrument since the report of the other twin should be correlated with the self-
reported education level but uncorrelated with the equation regressed. This strategy 
was adopted in the subsequent twins studies (Miller et al., 1995; Behrman and 
Rosenzweig, 1999) and will be applied in our research study as well. 
3 Empirical Specification 
3.1 Omitted Variable Bias (Selection Effect) 
3.1.1 Ordinary Least Squares (OLS) Model 
Following the traditional pattern of cross-sectional estimates, the research will begin 
with OLS estimates. The relationship between health and schooling would be 
explored under the framework of recent applied works in the field of the returns to 
schooling (Ashenfelter and Krueger, 1994). We suppose the health status of twin j in 
family i is determined by 
(1) h , . = a X . + p z , . + j u . + e , . 
where hj. { j = 1，2) denotes the health status of the first and second twin in a single 
pair. X.i represents the set of observed variables that vary by family but not across 
twins, such as age, age-square, gender and household wealth. Z力-(J = 1,2) is the set 
of variables that may vary across the twins, such as education levels, marital status 
and wages, ju. and Sj- ( j = 1,2) represent the sets of unobservable components that 
vary across families and individuals respectively, f力.(j = 1,2) is assumed to be 
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distributed independently of Z力-(J = 1,2) , ju. and has zero mean and constant 
variance conditional on Z),. (J = 1,2) and . 
As discussed before, analysis of cross-sectional data can neither identify nor 
control for the unobservable effect . Thus the regressed system of equations 
becomes 
Estimates of P from equation (3)，which ignore ，will be biased, picking up some 
effects of and attributing them to Z力. .The size of this bias is equal to 
cov(z..，//,.) 
- n ^ according to the standard omitted variable bias formula. 
var(Z 力J 
3.1.2 Fixed-Effect (FE) Model 
A standard remedy for the bias and inconsistency of OLS estimates is to use fixed 
effect estimation. Depending on this method, the model eliminates the unobservable 
ability and family effect by contrasting the health status of MZ twins with 
different schooling levels. Our goal is to ensure that the correlation we observe 
between health and years of schooling is not due to a correlation between schooling 
levels and individual ability or family background. 
A within-twin-pair estimator of P for identical twins, ，is based on first-
difference of equations (1) and (2): 
( 4 ) ( Z j . - Z 2 , ) + £ , , -
The family effect has been removed. Equation (4) can be fitted by least squares 
to get the FE estimator. 
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3.1.3 Generalized Least Squares (GLS) Model 
Another approach proposed by Ashenfelter and Krueger (1994) is to assign an 
explicit expression to the unobserved family effect {J,. . They assume a general 
representation for the correlation between the unobserved family effect and the 
observable is 
⑶ 从 + 疼 2 / + 欲 辟 
where co. is uncorrelated with Z j . ( j = 1,2) or X,.. The coefficient y measures the 
selection effect relating health and schooling levels, while the coefficients P in 
equation (1) and (2) measures structural effect of the observable on health. For 
simplicity, contributions of schooling to family health are assumed to be identical 
across twins. 
The reduced form for equations (1), (2) and (5) is obtained by substituting (5) 
into (1) and (2) and collecting terms 
( 6 ) " 丨 , + z , , + + Si; 
(7) + + rZu + ‘ 
where 心丨=co�+ = 1,2). Although equations (6) and (7) may be fitted by OLS, 
GLS is the optimal estimator for the equation because of the cross-equation 
restrictions on the coefficients. Both FE and GLS models control for endowments, 
but GLS is better in that it also permits an assessment of selection effect y . 
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3.2 Measurement Error 
Classical measurement error in schooling will lead to bias in the estimators of the 
effect of schooling on health. If Z力.is true schooling, and measured schooling is 
Zji = Zji + Vjj with p \im[ZjiVji) = 0, the observed equation is 
(8) hj. = aX. + — Pvj. + ju. + e., ,(7 = 1,2) 
The least squares regression coefficient in the presence of measurement error in 
schooling is attenuated by an amount equal to the reliability ratio 
plimA,. + 鮮 = 4 l - 卷 缚 
V var(zj j v a r � var(zjj var(z) 
where 口‘“、is the regression coefficient if schooling were perfectly measured. The 
fixed effect estimator eliminates the omitted variable bias but it does so at the 
expense of introducing far greater measurement error bias. The probability limit of 
A the FE estimator is 
p l i m 久 , = i _ c o v ( A v � ) ] + c o v ( A / / � ) = { 丄一 ^ ]— cov(A广々） 介 var(Az) ) var(Az) var(Az)J var(Az) 
where is the population FE estimator that would be obtained in the absence of 
measurement error. 
A straightforward consistent estimator for equations (6) and (7) or (4) may be 
obtained by the method of instrumental variables using the independent measure of 
the schooling variables as instruments. The research will follow Ashenfelter and 
Krueger's (1994) innovation to ask each individual both his/her own and his/her 
sibling's education. The survey used is designed to provide complete information 
about different measures of education levels. If self-reported education is measured 
with error, the co-twin-reported education provides a potential instrument since the 
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report of the other twin should be correlated with the self-reported education level 
but uncorrelated with the equation regressed. Assuming Z力/ as twin k's report on 
twin f s schooling implies that there are two different ways to use the auxiliary 
schooling information as an instrumental variable. There are four different ways to 
estimate the schooling difference AZ : 
(9)AZ' = Z / - Z 2 ' 
(10)AZ" = Z , ' - Z 2 ' 
(11)AZ* = Z / - Z 2 ' 
(12)AZ** =Z,2 - Z : ' 
AZ will be uncorrelated with AZ even if there is a family effect in the 
measurement error because the family effect is subtracted from both AZ and AZ . 
However, AZ and AZ will be correlated if there is a person-specific component of 
the measurement error. To eliminate the person-specific component of the 
measurement error, it is sufficient to estimate the schooling differences using the 
definitions in equations (11) and (12)，which amounts to calculating the schooling 
difference reported by each twin and using one as an instrument for the other. For 
example, we may fit 
(13)Ah.= j^AZ\. + A£. 
employing AZ" as an instrument for AZ . But in the presence of correlated 
measurement errors the instrumental-variables, estimators of equation (4) will be 
inconsistent 
1 — " � ' v a r ( A Z ) 
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where p^ is the correlation between the measurement error of the twins. A 
straightforward consistent estimator of equation (4) may be obtained by 
instrumental-variable estimation of 
in which AZ**/ is used as an instrument for AZ*,-. 
4 Data 
• The data we will use in this study are derived from a survey carried out by the Urban 
Survey Unit of the National Bureau of Statistics during June and July, 2002, in five 
cities of China. The same-sex adult twins aged from 18 to 65 were identified by the 
local statistical bureau through various channels, including colleagues, friends, 
relatives, newspaper advertising, neighborhood notices, neighborhood management 
committees and household records in the public security bureau. Overall, these 
channels are more or less equal in probability for all twins in a city, and in this sense, 
the twins sample obtained may be rather random. The survey was conducted with 
extraordinary care, including several site checks by experts from the National Bureau 
of Statistics and Professor Junsen Zhang. Questionnaires were completed through 
household face-to-face personal interviews. With appropriate discussion with 
Professor Mark Rosenzweig and other experts, data input was closely supervised and 
monitored by Professor Zhang during the months of July and August, 2002. The data 
set has also been employed in Li et al. (2006) for China study. 
In this dataset, there is household economic information for respondents in 5 
cities including Chengdu, Chongqing, Haerbin, Hefei and Wuhan. Altogether there 
are 4683 observations, in which 3002 observations are from twins households (i.e. 
1510 households with twins). Within twins, we can distinguish them between 
identical twins and non-identical twins. We consider a pair of twins identical if both 
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twins report that they have identical gender, age, hair color and appearance. We have 
completed questionnaires from 3,002 individuals, among which 2,996 are twin 
individuals aged 17 to 62 and 6 are triplet individuals. We have 914 complete pairs 
of identical twins, i.e., 1,828 individuals. For 386 of these pairs (772 individuals) we 
have complete variables information on both twins in the pair. 
Before conducting an econometrical analysis empirically, we summarize the 
variables in Table 2. The health of an individual in our sample is gauged by the 
person's own self-rating. As the dependent variable, the self-reported health status is 
a five point ordinal variable (very bad, bad, fair, good, very good). The overall health 
status of the individual is defined by the response to the following question on Self-
Reported Health status (SRH): "What do you think about your health in general? 
Very good, Good, Fair, Poor, Very poor". An important question is whether these 
self-reported measures provide meaningful indicators of health status. In a review of 
more than two dozen studies, Idler and Benjamini (1997) document that poor SRH is 
strongly correlated with mortality. This is true across many populations and after 
controlling for a variety of socio-demographic variables, the presence of health 
conditions, and even medical doctors' objective health assessments. Additional 
evidence along these lines is provided by Hurd et al. (1997)，who find correlations in 
the AHEAD data between SRH and both mortality and the onset of several serious 
health conditions, again controlling for socio-demographic conditions. SRH is 
obviously a broad indicator which does not account for explicit illnesses and also 
may differ from a medical evaluation. The average self-reported health level is 3.82, 
which means that most of the individuals in our sample evaluate their health over fair. 
While the consensus thus appears to be that SRH is a meaningful indicator of health, 
our rich dataset also allow us to experiment with other two health indicators. One is 
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the Body Mass Index (BMI). The other is a more "objective" measure indicating 
whether the individual reports having one of the following symptoms: hypertension, 
dysfunction in back and dysfunction in legs. The average BMI in our sample is 21.97 
kg/m and at least one of the three symptoms once occur in 10 percent individuals of 
our whole sample. The correlation between the three health indicators is displayed in 
Table 3. 
Sampling individuals receive average 12.61 years of formal education and are 
aged 34.28 on average. Among them, 57 percent are male and 66 percent are married. 
Their monthly wage including bonus and subsidies is around 913.59 RMB. Venture 
is a dummy variable, which controls venture type of employment unit. Foreign 
venture type is 1 if the type of employment unit is either joint venture with foreign 
companies, corporative venture with foreign companies or foreign owned venture. If 
it is either state owned unit or collective unit, or private business, then foreign 
venture type is 0. As more and more foreign investments making their way into 
China, foreign invested enterprises have been playing an influential role in China's 
social and economic life. With a more efficient payment system and scientific 
management system than Chinese traditional companies, their impact on employees' 
health may be important. Tenure, the years of working since the age 16’ is 14.53 
years on average from less than 1 year to 44 years. Exercise is a dummy variable for 
monthly physical exercises participation and nearly 39 percent individuals take part 
in regular physical exercises per month. Smoking and drinking are two dummy 
variables for life styles. 27 percent individuals are smokers and 26 percent 
individuals drink at least one day per week. Birth weight is included as a measure of 
initial health stock and the average is 2.43 kg in our sample. Chongqing, Haerbin, 
36 
Hefei and Wuhan are four city dummies and the percentages are 11，18, 18 and 39 
percent respectively. 
5 Empirical Results 
5.1 Allocative Efficiency Hypothesis Test 
This part investigates the relationship between education and health by focusing on 
health behaviors, the inputs into the household production of health. The specific 
hypothesis to be tested is that schooling improves allocative efficiency, that is, the 
choice of health inputs, by improving individuals' health knowledge. The notion of 
allocative efficiency suggests that a more educated person is likely to select more 
efficient inputs with which to produce health (Leigh, 1983; Kenel, 1991a). The level 
of education may affect the productivity of the individual for the same reason that the 
level of technology affects the productivity of the firm. Just as technology represents 
the acquisition and adoption of new knowledge or new productive techniques, 
education represents exposure to knowledge and the development of a receptive 
attitude toward the use of new information. The individual chooses the productive 
techniques and selects the market goods and services with which he combines his 
own time to produce commodities. Similarly, the level of his managerial skill and the 
proficiency with which he purchases and uses market goods influence the level of 
efficiency in his non-market production. 
We investigate the effect of education on the consumption of cigarettes, 
alcohol and physical exercises. Table 4.1 displays the impact of years of schooling 
on monthly physical exercise participation. In OLS pooled regressions in column (1) 
and (2), education has significant positive effect on physical exercise per month. An 
additional year of schooling would contribute to 1.7 more days physical exercise per 
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month. However, when it comes to the within-twin-pair estimation in column (3)，the 
magnitude of the positive effect of education decreases substantially and education 
becomes insignificant. The right panel of Table 4.1 reports the instrumental-variable 
estimates which are intended to correct for measurement error in the education data. 
We use each twin's report of his/her twin's education as an instrumental variable for 
his/her twin's education. We observe measurement error in reported education does 
bias down the returns estimates in the left panel of Table 4.1. And instrumental-
variable estimate in Fixed-Effect model is larger than the Least-Squares estimate in 
Fixed-Effect model. The same significant positive effect in OLS model and 
insignificant and smaller positive effect in FE model are observed. 
Table 4.2 displays the impact of education on the behavior of smoking. As we 
expect, education has significant negative effect on the choice of smoking or not 
smoking. The instrumental-variable estimate in the right panel is larger and in a 
similar pattern as the left panel. Table 4.3 displays the effect of education on the 
weekly alcohol consumption. Education has significant negative effect on the alcohol 
consumption. An additional year of schooling would decrease 1.5 days per week on 
alcohol consumption according to the left panel and decrease 2.2 days per week in 
the right panel. Similarly, the significant effect of education disappears in the within-
twin-pair estimation and the coefficients of education are much smaller in the FE 
model in both panels. 
In Kenkel (1991), schooling is found to decrease smoking and heavy drinking 
and to increase exercise. While part of the relationship between schooling and health 
behaviors is explained by differences in health knowledge, most of schooling's 
effects remain after differences in knowledge are controlled for. Kenkel (1991)'s 
work provides evidence that allocative efficiency is a possible explanation for the 
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health-schooling correlation. However, according to our results, although education 
indeed increase physical exercise and decrease smoking and drinking in the OLS 
pooled model, the significant effect of education on health behaviors disappears in 
the within-twin-pair estimation. Our results suggest that the significant effect of 
education on health behaviors is due to the second category of unobserved variables, 
the family health knowledge background. Thus after controlling for those 
unobservable factors by taking first difference within identical twins, education has 
not had such significant effects any more. The selection effect is positive, indicating 
that family health knowledge background is positively related to education. That is, 
individuals with stronger background in family health knowledge tend to receive 
more education. Family health knowledge background includes model influences 
from parents, family hygiene environment, and exposure to unhealthy habits and so 
on. We propose that education's allocative efficiency effect supported by the 
previous studies might be due to unobservable differences in family health 
knowledge background across individuals. In previous studies, since they have not 
controlled for the unobserved family background variables, the effect of those 
variables would contribute to the impact of education on health behaviors and the 
effect of education has been greatly exaggerated. 
5.2 Productive Efficiency Hypothesis Test 
Table 5.1 sets out our estimation results of returns to education in the form of 
self-reported health status. Column (1) is the regression that only contains schooling 
and finds that schooling has a significant positive effect on health. Column (3) is an 
OLS pooled regression using all identical twins for whom we have complete health 
information (772 individuals) and using schooling, age, gender, marital status, tenure, 
venture type and birth weight as regressors. Both the magnitude and significance of 
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schooling fall except the positive direction. The OLS pooled regression in column (5) 
includes more independent variables, such as physical exercise participation, 
cigarette and alcohol consumption. Schooling continues having an insignificant 
positive effect and the magnitude changes slightly. Exercise participation has a 
significant positive effect on SRH. 
Regressions of the within-twin-pair difference in health status on the within-
twin-pair difference in schooling levels (which is the Fixed-Effect estimate) are 
reported in column (2), (4) and (6) in Table 5.1. Both the magnitude and significance 
of schooling increase substantially, which indicates a negative selection that we 
would discuss later. Venture type has a significant positive effect on health 
suggesting that foreign companies in China may indeed emphasize more in 
employees' welfare improvement. The significant effects of physical exercises 
vanish in the within-twin-pair regressions though the direction of effect is consistent. 
We use within-twin-pair estimator to eliminate the endowment influence 
mentioned above. After controlling for omitted variables, education has significant 
positive impact on self-reported health status. What is more important, both the 
magnitude and significance of schooling increase substantially in the Fixed-Effect 
models than those in the OLS pooled regressions. It is interesting that the genetic 
health endowments are negatively associated with the educational attainment 
according to our results. In the traditional studies in the return to education in the 
form of earnings, numerous empirical results suggest that the within-twin-pair 
estimates would be less than the OLS estimates because of the positive correlation 
between education and ability. In contrast with those arguments, our results suggest 
when it comes to the return to education in the form of health outcomes, there exits 
negative correlation between education and the unobservable health endowment. 
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This negative selection bias implies that individuals with lower health endowment 
would tend to pursue more education while those with higher health endowment 
would receive less education. 
We have found that education has a direct positive effect on health. Through 
what mechanisms can education improve one's health status? Two hypotheses are 
proposed in the literature part. We have tested the allocative efficiency hypothesis in 
the previous part 5.1. The other is productive efficiency which implies that additional 
education allows an individual to obtain a better health status from a given set of 
health inputs. Grossman (1975) contends that the inputs may include not only 
medical care, but also housing, diet, recreation, cigarette smoking, alcohol 
consumption and other lifestyle choices. In our results, education still has a direct 
significant positive effect on health after controlling for omitted endowments and 
other health inputs variables, which confirm the productive hypothesis. 
Table 5.2 reports the instrumental-variable estimates which are intended to 
correct for measurement error in the education data. Here we use each twin's report 
of his/her twin's education level as an instrumental variable for his/her twin's 
education level. We observe measurement error in reported education does bias 
down the returns estimates in column (2), (4) and (6) of Table 5.1. Therefore, 
instrumental-variable estimate in Fixed-Effect model is larger than the Least-Squares 
estimate in Fixed-Effect model. If we accept the twins' report as a valid instrument, 
it seems likely that conventional methods are producing serious underestimates of the 
returns to schooling in the form of health. 
Table 5.3 contains the similar estimates of the effect of schooling on health as 
in Table 4，only here we fit the models by GLS. The left panel controls only for 
demographic variables (that may be considered strictly exogenous). In column (1) we 
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report the results of fitting equations (1) and (2) by the seemingly unrelated 
regression method (S.U.R.E) due to Zellner (1962). The effect of education is 
robustly positive and significant and the magnitude is similar to that of the FE 
estimates. The results in column (2) correspond to stacking equations (6) and (7) and 
fitting them by S.U.R.E. There are results that include the sibling's education level in 
each twin's health equation. Coefficient of this variable, the sum of education, is a 
measure of the selection effect, y , in equation (5). As the table indicates, this effect 
is negative, indicating that the selection effect in these data is negative, which 
confirms negative selection presented in Table 5.1. The results imply that a 
regression estimator of the returns to schooling that does not adjust for the selection 
effect will be downward-biased. The right panel of Table 5.3 contains an analysis 
that parallels the analysis in the left panel except that variables measuring marital 
status, years of job, venture type, birth weight and three health behaviors variables 
have been added to the regression. The results are similar to those in the left panel. 
Besides self-reported health status, our comprehensive dataset enable us to 
investigate further about the impact of education on BMI and the occurrence of some 
specific medical symptom: hypertension, dysfunction in back and dysfunction in legs. 
While self-reported health status is believed to be a useful summary measure of 
general health, BMI and the specific symptoms might be regarded as more objective 
health measures to complement the main results above. Table 6.1 displays the OLS 
and FE models estimation of the impact of education on BMI. Although education 
have positive effect on BMI, none is significant. Table 6.2 reports the instrumental-
variable estimates which are intended to correct for measurement error in the 
education data. Again we observe that measurement error in reported education does 
bias down the returns estimates in Table 6.1. Furthermore, instrumental-variable 
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estimate in Fixed-Effect model is much larger than the Least-Squares estimate in 
Fixed-Effect model. 
In Table 7.1, OLS pooled and within-pair estimations of the impact of 
education on symptom occurrence are displayed. In all estimations, education has 
negative effect on symptom occurrence. In within-pair estimations, such negative 
effect is significant at least at ten percent level and the magnitude is larger than that 
in OLS pooled estimation, which reveals negative selection bias. The magnitude of 
education has increased substantially nearly 24%. Without controlling for omitted 
variables, the effect of education would be downward biased. According to column 
(4), an additional year of schooling would decrease symptom occurrence by 2.5 
percent. Table 7.2 provides instrumental variable estimation following the same 
regression pattern as Table 7.1. 
Furthermore, we employ different econometric specifications for our 
dependent variable to check the robustness of our results. Table 8 sets out the Probit 
model estimation of the impact of education on symptom occurrence. Education has 
negative though insignificant effect on the probability of symptom occurrence. Table 
9 displays the Ordered Logit model estimation of the effect of education on SRH. 
Education has positive though insignificant effect on SRH. Due to the limitation of 
these two models that they could not provide within-twin-pair estimation to control 
for the unobservable, we use the results in these two tables as supplementary results 
to our results above. 
In the following part, we examine the returns to different levels of education 
rather the whole years of schooling. In the literature, little work has been carried out 
to examine the effect of different education levels on health outcomes. As most of 
the literature draws on data from developed countries and a large proportion of 
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population in those countries have at least completed a high school education, it may 
not be necessary to examine the different education levels. However, knowing the 
effect of different education levels is still important for a developing country such as 
China. From Table 10.1 to Table 11.2, we report the regressions using three 
education dummies as measures of education. The high school dummy equals 1 if the 
last qualification that an individual obtains is a high school qualification and 0 
otherwise. Similarly, the vocational school dummy equals 1 if the last qualification 
that an individual obtain is a vocational school qualification and 0 otherwise. The 
university dummy equals 1 if an individual has a college education or above, and 0 
otherwise. 
Table 10.1 presents the effect of different education levels on SRH. 
Education continues to have positive effect on SRH and the results reveal negative 
selection at all education levels. The magnitude of university is largest while that of 
the high school is smallest. Table 11.1 presents the effect of different education 
levels on symptom occurrence. Education has negative effect in all regressions but 
the effect is more significant in the within-twin-pair estimations in column (2), (4) 
and (6). At all the three education levels, there exists the negative selection. But the 
magnitude of negative selection is much larger at the vocational school and 
university levels. Table 10.2 and Table 11.2 provide the instrumental-variable 
estimation following the same regression pattern in Table 10.1 and 11.1. 
5.3 Returns to health 
The stock of health may have impact on economic resources. Healthier people can 
work longer hours in a week and more weeks in a year leading to higher earnings. 
Poor health may restrict a family's ability to earn income or to accumulate assets by 
limiting work or by raising medical expenses. 
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In Table 12, we estimate the returns to health. Column (1), (3) and (5) show 
the OLS regression results while column (2), column (4) and column (6) show the 
within-twins results. Health has a positive impact on monthly wage in all regressions 
as expected. But the significant level and magnitude are different. In OLS estimation, 
health is significant at least 10 percent level but insignificant in all FE estimation. 
After controlling for endowments, the significant level of health decreases. Venture 
has a significant positive effect on income. Based on the results, we argue that the 
unobserved endowment is positively correlated to health in health's influence in 
income. After controlling for the endowments, the significant effects of health 
disappear, remaining the positive sign. Without controlling for the omitted variables, 
the effect of health on earnings would be upward biased. 
6 Conclusions 
The thesis evaluates the impact of schooling levels on health. Through exploration in 
the determinants of health, the core question whether and how increased education 
leads to better health is examined. Using the Chinese twins data provided by Urban 
Survey Unit of the National Bureau of Statistics, this study establishes a more 
reliable causal relation between education and health after controlling for omitted 
variables bias and measurement error. We find that education has significant positive 
impact on health status, both self-reported health status and other objective health 
indicators such as BMI and specific medical symptoms. Our results confirm the 
productive efficiency hypothesis and provide alternative explanations for the 
allocative efficiency hypothesis in the literature. 
The research study is not only among the first endeavor to investigate the 
causal relationship between health and education using twins data, but also is the first 
attempt to present the returns to schooling in the form of health outcomes in the field 
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of studies about China. The results are especially meaningful for developing 
countries in the sense that underinvestment in education leads to serious social issues 
more than income inequality. 
Our study is essentially a study of adult schooling outcomes, which takes the 
perspective that improved health is another part of the returns to schooling similar to 
the conventional study of earnings. This evidence that education has significant 
positive effect on health outcomes implies that the returns to education, measured 
only in terms of earnings increases, substantially underestimate the true returns to 
education. The causal relationship between education and health we address in this 
thesis is of tremendous importance for our understanding of determinants of health as 
well as for our understanding of how education affects and shapes individual lives. 
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Table 1: Summary of the evidence for correlation between education and SRH 
amongst different groups of individuals 
Study Sample Methodology SRH Measure 
Grossman (1975) High-income group OLS Excellent, good, 
white males in USA fair, poor 
from NBER-
Thorndike sample 
Desai (1987) Low-income working OLS Excellent, good, 
males in the USA fair, poor 
from 1974 Health 
Interview Survey 
Gilleskie and Men and women aged Multinomial Excellent, good, 




Adams (2002) Men and women aged OLS; Two-stage Binary indicator: 
51-61 in USA from least squares good or better, 
the 1992 First wave of very good or 
the Health and better, excellent or 
Retirement Study better 
Arendt (2004) Danish workers aged Ordered logit; Excellent, very 
18-59 from 1990 and Two-stage good, good, fair, 
1995 Danish National conditional poor 
Work Environment maximum 
Cohort Study likelihood 
Groot and Brink Netherlands Ordered probit Very good, good, 
(2005) individuals aged fair, poor, very 
above 16 from the poor 
1999 Supplementary 
Provision Surveys of 




Table 2: Descriptive Statistics 
Variable MZ twins 




Symptom Occurrence (1 if with one of the following symptom: 0.10 
hypertension, dysfunction in back and dysfunction in leg) (0.29) 
Wage (monthly wage) 913.59 
(507.91) 






Gender (1 if male) 0.57 
(0.50) 
Venture (1 if the type of employment unit is joint venture with foreign 0.05 
companies, corporative venture with foreign companies or foreign (0.21) 
owned venture; 0 if state owned unit, collective unit or private 
business) 
Tenure (years of working) 14.53 
(9.60) 
Birth Weight 2.43 (0.56) 
Exercise (0 if no physical exercise per month) 0.39 
(0.49) 
Smoking (1 if smokes at least half a pack per day; 0 if smokes 0.27 
infrequently or does not smoke) (0.45) 










Sample size (individuals) 772 
Note: We have completed questionnaires from 3,002 individuals, among which 2,996 
are twin individuals aged 17 to 62 and 6 are triplet individuals. We consider a pair of 
twins identical if both twins respond that they have identical hair color, look, age and 
gender. We have 914 complete pairs of identical twins, i.e., 1,828 individuals. For 
386 of these pairs (772 individuals) we have complete health information on both 
twins in the pair. 
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Table 3: Correlation between Health Indicators 
Variable SRH BMI Symptom Occurrence 
SRH 1.0000 
BMI -0.0231 1.0000 
Symptom Occurrence -0.1 111 0.1984 1.0000 
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Table 4.1: The Impact of Education on Physical Exercise Participation 
Own-reported Education Co-twin-reported Education as 
l y 
Pooled Pooled Within- Pooled Pooled Within-
pair pair 
Variable (1) (2) (3) W (5) (Q 
Education 0 . 0 2 1 * * * 0 . 0 1 7 * * 0.006 0 . 0 2 7 * * * 0 . 0 2 1 * 0.018 
(2.78) (2.23) (0.43) (2.61) (1.92) (0.93) 
Age -0.005** -0.005* 
(-2.02) (-1.90) 
Gender 0.122*** 0.122*** 
(2.73) (2.75) 
Twin pairs 386 386 
Observations 772 772 772 772 772 772 
R-squared 0.01 0.05 0.01 0.01 0.05 0.01 
Note: Robust t statistics in parentheses 
* significant at 10%; ** significant at 5%; *** significant at 1% 
Pooled regression in column (2) and (5) includes city dummies 
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Table 4.2: The Impact of Education on Smoking Consumption 
Own-reported Education Co-twin-reported Education as IV 
Pooled Pooled Within- Pooled Pooled Within-
pair pair 
Variable (1) • (2) (3) (4) (5) (6) 
Education -0.032*** -0.023*** -0.018* -0.033*** -0.026*** -0.016 
(-4.66) (-3.89) (-1.73) (-3.48) (-3.26) (-1.31) 
Age 0.003 0.003 
(1.60) (1.50) 
Gender 0.454*** 0.454*** 
(14.25) (14.21) 
Twin pairs 386 386 
Observations 772 772 772 772 772 772 
R-squared 0.04 0.31 0.04 0.31 0.01 
Note: Robust t statistics in parentheses 
* significant at 10%; ** significant at 5%; *** significant at 1% 
Pooled regression in column (2) and (5) includes city dummies 
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Table 4.3: The Impact of Education on Alcohol Consumption 
Own-reported Education Co-twin-reported Education as IV 
Pooled Pooled Within- Pooled Pooled Within-
pair pair 
Variable 0 ) (2) Q) (4) (5) (6) 
Education -0 .021***-0 .015** -0.007 - 0 . 0 2 4 * * - 0 . 0 2 2 * * -0.008 
(-2.73) (-2.36) (-1.11) (-2.34) (-2.33) (-1.07) 
Age 0.006*** 0.006*** 
(3.23) (2.96) 
Gender 0.436*** 0.434*** 
(13.17) (13.01) 
Twin pairs 386 386 
Observations 772 772 772 772 772 772 
R-squared 0.02 0.26 0.02 0.26 0.01 
Note: Robust t statistics in parentheses 
* significant at 10%; ** significant at 5%; *** significant at 1% 
Pooled regression in column (2) and (5) includes city dummies 
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Table 7.2: IV Est imation of the Impact of Education on Symptom Occurrence 
Pooled Within- Pooled Within- Pooled Within-
pair pair pair 
Variable (1) (2) (3) � （5) (6) 
Education 0.030*** 0.031 0.018* 0.033* 0.019 0.032* 
(2.71) (1.49) (1.65) (1.67) (1.59) (1.66) 
Age -0.001 0.002 
(-0.07) (-0.11) 
Gender 0.141** 0.022 
(2.19) (0.27) 
Married -0.071 -0.173* -0.055 -0.174* 
(-0.84) (-1.70) (-0.66) (-1.71) 
Tenure -0.015 0.008 -0.016 0.009 
(-1.13) (0.42) (-1.24) (0.43) 
Venture 0.126 0.315** 0.155 0.307** 
(0.83) (2.07) (1.08) (2.04) 
Birth Weight 0.098* -0.025 0.078 -0.025 
(1.73) (-0.19) (1.36) (-0.19) 
Exercise 0.256*** 0.082 
(3.98) (0.83) 
Smoking 0.128 0.020 
(1.62) (0.17) 
Drinking 0.027 -0.119 
(0.31) (-0.75) 
Twin pairs 386 386 386 
Observations 772 772 772 772 772 772 
R-squared 0.01 0.08 0.03 0.13 0.03 
Note: Robust t statistics in parentheses 
* significant at 10%; ** significant at 5%; *** significant at 1% 
Pooled regression in column (5) include city dummies 
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Table 7.2: IV Estimation of the Impact of Education on Symptom Occurrence 
Pooled Within- Pooled Within- Pooled Within-
pair pair pair 
Variable (1) (2) (3) (4) (5) (6) 
Education 0.031** 0.044* 0.014 0.044* 0.013 0.042* 
(1.97) (1.77) (0.83) (1.78) (0.73) (1.68) 
Age -0.001 0.002 
(-0.03) (-0.16) 
Gender 0.139** 0.024 
(2.15) (0.29) 
Married -0.070 -0.176* -0.052 -0.177* 
(-0.83) (-1.73) (-0.62) (-1.74) 
Tenure -0.015 0.010 -0.017 0.010 
(-1.18) (0.49) (-1.31) (0.49) 
Venture 0.129 0.313** 0.159 0.305** 
(0.84) (2.08) (1.10) (2.04) 
Birth Weight 0.098* -0.026 0.078 -0.026 
(1.72) (-0.20) (1.35) (-0.19) 
Exercise 0.258*** 0.081 
(3.98) (0.83) 
Smoking 0.123 0.024 
(1.53) (0.21) 
Drinking 0.024 -0.118 
(0.28) (-0.75) 
Twin pairs 386 386 386 
Observations 772 772 772 772 772 772 
R-squared 0.01 0.01 0.08 0.03 0.01 0.03 
Note: Robust t statistics in parentheses 
氺 significant at 10%; ** significant at 5%; *** significant at 1% 
Pooled regression in column (5) include city dummies 
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Table 5.3: GLS Estimation of the Impact of Education on SRH 
Without other covariates With other covariates 
GLS GLS GLS GLS 
Variable (1) (2) (3) (4) 
Own education 0.022** 0.030 0.022** 0.031 
(2.06) (1.58) (1.98) (1.57) 
Sum of -0.006 -0.009 
education (-0.52) (-0.77) 
Age -0.019*** -0.019*** -0.004 -0.004 
(-5.32) (-5.34) (-0.35) (-0.34) 
Gender 0.161** 0.160** 0.048 0.046 
(2.50) (2.48) (0.63) (0.60) 
Married -0.097 -0.098 
(-1.42) (-1.43) 
Tenure -0.009 -0.009 
(-0.84) (-0.87) 
Venture 0.190 0.196 
(1.59) (1.64) 
Birth Weight 0.070 0.072 
(1.38) (1.42) 
Exercise 0.197*** 0.197*** 
(3.61) (3.62) 
Smoking 0.106 0.107 
(1.39) (1.40) 
Drinking -0.002 -0.001 
(-0.02) (0.01) 
Twins pairs 386 386 386 386 
Observations 772 772 772 772 
Note: Robust z statistics in parentheses. 
* significant at 10%; ** significant at 5%; *** significant at 1 %. 
Regressions in column (3) and (4) include city dummies 
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Table 7.2: IV Estimation of the Impact of Education on Symptom Occurrence 
Pooled Within- Pooled Within- Pooled Within-
pair pair pair 
Variable (U (3) W (6) 
Education 0.006 0.005 0.092 0.018 0.059 0 . 0 2 3 ^ 
(0.09) (0.07) (1.63) (0.24) (0.98) (0.31) 
Age 0.084 0.091 
(1.45) (1.58) 
Gender 0.801*** 2.138*** 
(6.02) (5.44) 
Married -0.010 -0.502* 0.017 -0.490* 
(-0.03) (-1.69) (0.05) (-1.71) 
Tenure 0.013 0.096* 0.004 0.096* 
(0.24) (1.79) (0.07) (1.77) 
Venture 0.074 0.004 0.218 0.013 
(0.12) (0.01) (0.38) (0.03) 
Birth Weight 0.172 0.123 0.086 0.150 
(0.71) (0.36) (0.36) (0.44) 
Exercise -0.317 0.057 
(-1.08) (0.28) 
Smoking -0.231 0.218 
(-0.46) (0.48) 
Drinking 0.068 0.273 
(0.15) (0.72) 
Twin pairs 386 386 386 
Observations 772 772 772 772 772 772 
R-squared 0.01 0.01 0.14 0.02 0.17 0.02 
Note: Robust t statistics in parentheses 
氺 significant at 10%; ** significant at 5%;氺** significant at 1% 
Pooled regression in column (5) include city dummies 
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Table 7.2: IV Estimation of the Impact of Education on Symptom Occurrence 
Pooled Within- Pooled Within- Pooled Within-
pair pair pair 
Variable (1) (2) (3) W (5) (Q 
Education 0.034 0007 0.135* 0 0 ^ 0.092 O ^ 
(0.43) (1.20) (1.74) (1.05) (1.11) (1.02) 
Age 0.079 0.088 
(1.34) (1.49) 
Gender 1.816*** 2.128*** 
(6.23) (5.37) 
Married -0.022 -0.470 0.002 -0.461 
(-0.06) (-1.58) (0.01) (-1.59) 
Tenure 0.021 0.083 0.009 0.083 
(0.37) (1.54) (0.16) (1.53) 
Venture 0.049 0.024 0.197 0.028 
(0.08) (0.05) (0.35) (0.06) 
Birth Weight 0.176 0.132 0.087 0.156 
(0.72) (0.39) (0.37) (0.46) 
Exercise -0.331 0.064 
(-1.12) (0.31) 
Smoking -0.202 0.164 
(-0.40) (0.36) 
Drinking 0.080 0.259 
(0.18) (0.68) 
Twin pairs 386 386 386 
Observations 772 772 772 772 772 772 
R-squared 0.01 0.01 0.13 0.02 0.17 0.02 
Note: Robust t statistics in parentheses 
* significant at 10%; ** significant at 5%; *** significant at 1% 
Pooled regression in column (5) include city dummies 
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Table 7.1: OLS and FE Estimation of the Impact of Education on Symptom 
Occurrence 
Pooled Within- Pooled Within- Pooled Within-
pair pair pair 
Variable (1) g ) Q1 (4) (5) (6) 
Education -0.005 -0.022** -0.002 -0.024* 氺 -0.001 -0.025*** 
(-1.15) (-2.50) (-0.43) (-2.58) (0.23) (-2.67) 
Age 0.006 0.007 (1.40) (1.59) 
Gender -0.001 -0.006 
(-0.01) (-0.20) 
Married -0.078*** -0.036 -0.062** -0.043 
(-2.84) (-0.87) (-2.19) (-1.02) 
Tenure 0.005 0.009 0.003 0.007 
(1.09) (1.35) (0.75) (1.13) 
Venture -0.034** 0.005 -0.021 -0.010 
(-2.20) (0.67) (-1.31) (-0.79) 
Birth Weight -0.011 0.027 -0.019 0.029 (-0.68) (0.80) (-1.15) (0.77) 
Exercise 0.047** 0.051 
(2.03) (1.13) 
Smoking -0.056 -0.108* 
(-1.64) (1.72) 
Drinking 0.053* 0.127** 
(1.67) (2.39) 
Twin pairs 386 386 386 
Observations 772 772 772 772 772 772 
R-squared 0.02 0.09 0.02 0.12 0.05 
Note: Robust t statistics in parentheses 
* significant at 10%; ** significant at 5%; *** significant at 1% 
Pooled regression in column (5) include city dummies 
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Table 7.2: IV Estimation of the Impact of Education on Symptom Occurrence 
P ^ ^ Within- Pooled Within- Pooled Within-
pair pair pair 
Variable (1) � � � (5) ^ ^ 
Education ® ® ® ® -0.004 -0.015 
(-0.29) (-1.39) (-1.17) (-1.40) (0.57) (-1.48) 
Age 0.006 0.006 
S (1.29) (1.49) 
Gender -0.002 -0^008 
(-0.07) (-0.24) 
Married -0.080*** -0.038 -0.064** -0.045 
(-2.87) (-0.94) (-2.25) (-1.09) 
Tenure 0.006 0.008 0.004 0.006 (1.32) (1.19) (0.94) (0.98) 
Venture -0.037** 0.003 -0.024 -0.011 
(-2.25) (0.55) (-1.45) (-0.90) 
Birth Weight -0.011 0.026 -0 019 0^028 
(-0.65) (0.78) (-1.14) (0.76) 
Exercise 讀 6* 0.051 
txercise (I.96) (1.11) e , . -0.052 -0.104* 
Smokmg (_1.50) (1.66) 
^ . , . 0.067* 0.128** Dnnkmg (2.30) (2.41) 
Twin pairs 386 386 ^86 
Observations 772 772 772 772 772 772 
R-squared 0.01 0.02 0.08 0.02 ^ _ 
Note: Robust t statistics in parentheses 
* significant at 10%; ** significant at 5%; *** significant at 1% 
Pooled regression in column (5) include city dummies 
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Table 8: Probit Estimation of the Impact of Education on Symptom Occurrence 
Pooled Pooled Pooled 
Variable (1) (2) (3) 
Education -0.031 -0.013 -0.011 
(-1.13) (-0.45) (-0.34) 
Age 0.038 0.059** 
(1.33) (1.98) 
Gender 0.014 0.074 
(0.09) (0.34) 
Married -0.433** -0.414** 
(-2.30) (-2.01) 
Tenure 0.023 0.001 
(0.84) (0.02) 








Twin pairs 386 386 386 
Observations 772 772 772 
Note: Robust t statistics in parentheses 
* significant at 10%; ** significant at 5%; *** significant at 1% 
Pooled regression in column (3) include city dummies 
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Table 9: Ordered Logit Estimation of the Impact of Education on SRH 
Pooled Pooled Pooled 
Variable (1) (3) 
Education 0.071*** 0.042 0.046 
(2.60) (1.51) (1.47) 
Age 0.004 0.001 
(0.11) (0.03) 
Gender 0.382** 0.065 
(2.21) (0.29) 
Married -0.182 -0.143 
(-0.83) (-0.64) 
Tenure -0.037 -0.039 
(-1.09) (-1.13) 
Venture 0.400 0.480 
(1.01) (1.23) 








Twin pairs 386 386 386 
Observations 772 772 111 
Note: Robust t statistics in parentheses 
* significant at 10%; ** significant at 5%; *** significant at 1% 
Pooled regression in column (3) include city dummies 
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Table 10.1: OLS and FE Estimation of the Impact of Education Level on SRH 
P o o l e d W i t h i n - P o o l e d W i t h i n - Pooled Within-
pair pair pair 
Variable (1) � (3) (4) (5) (6) 
High School 0.143 0.061 0.130 0.072 0.117 0.074 
(1.44) (0.54) (1.38) (0.61) (1.25) (0.63) 
Techhigh&College 0.220** 0.180 0.148 0.196 0.119 0.188 
(2.32) (1.41) (1.64) (1.49) (1.30) (1.42) 
University 0.213** 0.258 0.170 0.256 0.176 0.242 
(2.00) (1.53) (1.64) (1.51) (1.62) (1.43) 
Age 0.001 0.002 
(0.04) (0.16) 
Gender 0.147** 0.026 
(2.26) (0.32) 
Married -0.064 -0.168* -0.048 -0.170* 
(-0.76) (-1.67) (-0.58) (-1.69) 
Tenure -0.016 0.008 -0.017 0.008 
(-1.27) (0.38) (-1.34) (0.40) 
Venture 0.130 0.314** 0.159 0.305** 
(0.85) (2.00) (1.10) (1.98) 
Birth Weight 0.099* -0.016 0.080 -0.017 
(1.73) (-0.13) (1.38) (-0.13) 
Exercise 0.256*** 0.081 
(3.98) (0.82) 
Smoking 0.123 0.006 
(1.56) (0.05) 
Drinking 0.028 -0.106 
(0.33) (-0.66) 
Twin pairs 386 386 386 
Observations 772 772 772 772 772 772 
R-squared 0.01 0.01 0.09 0.03 0.13 0.03 
Note: Robust t statistics in parentheses 
* significant at 10%; ** significant at 5%; *** significant at 1% 
Pooled regression in column (5) include city dummies 
68 
Table 10.2: IV Estimation of the Impact of Education Level on SRH 
P o o l e d W i t h i n - P o o l e d W i t h i n - P o o l e d W i t h i n -
pair pair pair 
Variable (1) (2) (3) (4) (5) (6) 
High School 0.475** 0.008 0.436** 0.001 0.413** 0.016 
(2.35) (0.04) (2.28) (0.01) (2.19) (0.08) 
Techhigh&College 0.769*** 0.072 0.606*** 0.063 0.519** 0.035 
(3.43) (0.29) (2.61) (0.26) (2.22) (0.15) 
University 0.443** 0.141 0.387** 0.102 0.426** 0.059 
(2.29) (0.53) (2.09) (0.40) (2.21) (0.23) 
Age 0.005 0.005 
(0.34) (0.31) 
Gender 0.191*** 0.042 
(2.76) (0.49) 
Married -0.046 -0.165 -0.037 -0.167* 
(-0.53) (-1.63) (-0.44) (-1.65)) 
Tenure -0.018 0.006 -0.018 0.006 
(-1.32) (0.29) (-1.30) (0.28) 
Venture 0.124 0.317** 0.149 0.308** 
(0.79) (2.02) (1.00) (2.00) 
Birth Weight 0.097 -0.020 0.080 -0.023 
(1.62) (-0.16) (1.33) (-0.17) 
Exercise 0.227*** 0.082 
(3.29) (0.83) 
Smoking 0.130 0.007 
(1.62) (0.06) 
Drinking 0.058 -0.117 
(0.65) (-0.73) 
Twin pairs 386 386 386 
Observations 772 772 772 772 772 772 
R-squared 0.01 0.01 0.04 0.03 0.09 0.03 
Note: Robust t statistics in parentheses 
* significant at 10%; ** significant at 5%; *** significant at 1% 
Pooled regression in column (5) include city dummies 
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Table 11.1： OLS and FE Estimation of the Impact of Education Level on 
Symptom Occurrence 
Pooled Within- Pooled Within- Pooled Within-
pair pair pair 
J ^ i a b l e (1) (2) (3) � （5) (6) 
"HTgh School Ia046 -0.120 -0.042 -0.127 -0.049 -0.122 
(-1.12) (-1.48) (-1.10) (-1.56) (-1.28) (-1.49) 
Techhigh&College -0.061 -0.186** -0.017 -0.192** -0.030 -0.180** 
(-1.54) (-2.41) (-0.45) (-2.48) (-0.78) (-2.29) 
University -0.050 -0.172* -0.015 -0.185** -0.034 -0.186** 
(-1.08) (-1.92) (-0.34) (-2.01) (-0.76) (-1.97) 
Age 0.006 0.007 
(1.38) (1.55) 
Gender -0.001 -0.007 
(-0.06) (-0.23) 
Married -0.082*** -0.037 -0.065** -0.045 
(-2.94) (-0.93) (-2.28) (-1.11) 
Tenure -0.005 -0.009 0.003 -0.007 
(-1.00) (-1.32) (0.73) (-1.11) 
Venture -0.034** 0.002 -0.022 -0.011 
(-2.20) (0.32) (-1.29) (-0.83) 
Birth Weight -0.012 0.020 -0.020 0.022 
(-0.75) (0.59) (-1.22) (0.58) 
Exercise 0.048** 0.050 
(2.06) (1.12) 
Smoking -0.055 -0.092 
(1.61) (-1.43) 
Drinking 0.050 0.118** 
(1.58) (-2.15) 
Twin pairs 386 386 386 
Observations 772 772 772 772 772 772 
R-squared 0.01 0.02 0.09 0.03 0.12 0.05 
Note: Robust t statistics in parentheses 
* significant at 10%; ** significant at 5%; *** significant at 1% 
Pooled regression in column (5) include city dummies 
70 
Table 11.2: IV Estimation of the Impact of Education Level on Symptom 
Occurrence 
~ Pooled Within- Pooled Within- Pooled Within-
pair pair pair 
—Variable (1) (2) (3) (4) (5) (6) 
High School -0.090 -0.110 -0.054 -0.118 -0.063 -0.122 
(-1.13) (-0.93) (-0.72) (-0.99) (-0.83) (-1.07) 
Techhigh&College -0.110 -0.102 -0.007 -0.105 -0.043 -0.105 
(-1.27) (-0.86) (-0.07) (-0.88) (-0.47) (-0.90) 
University -0.080 -0.101 -0.022 -0.106 -0.050 -0.119 
(-1.05) (-0.80) (-0.31) (-0.83) (-0.66) (-0.94) 
Age 0.007 0.007 
(1.44) (1.49) 
Gender -0.103 -0.007 
(-0.75) (-0.23) 
Married -0.083*** -0.041 -0.065** -0.049 
(-2.93) (-1.05) (-2.28) (-1.23) 
Tenure -0.004 -0.008 0.003 -0.007 
(-0.91) (-1.15) (0.68) (-0.97) 
Venture -0.035** -0.001 -0.021 -0.013 
(-2.19) (0.03) (-1.23) (-1.03) 
Birth Weight -0.014 0.020 -0.020 0.021 
(-0.81) (0.60) (-1.20) (0.58) 
Exercise 0.049** 0.049 
(2.12) (1.09) 
Smoking -0.055 -0.094 
(1.60) (-1.51) Drinking 0.049 0.128** 
(1.48) (-2.34) 
Twin pairs 386 386 386 
Observations 772 772 772 772 772 772 
R-squared 0.01 0.02 0.08 0.03 0.12 0.05 
Note: Robust t statistics in parentheses 
* significant at 10%; ** significant at 5%; *** significant at 1% 
Pooled regression in column (5) include city dummies 
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Table 12: OLS and FE Estimation of the Returns to SRH 
Pooled Within Pooled Within 
pair pair 
Variable (1) (2) (3) (4) 
Health 0.055* 0.050 0.028 0.045 
(1.82) (1.10) (1.01) (1.00) 




































Twin pairs 386 386 386 
Observations 772 772 772 772 772 772 
R-square 0.01 0.01 0.14 0.01 0.26 0.04 
Robust t statistics in parentheses. 
* significant at 10%; ** significant at 5%; *** significant at 1 %. 
Pooled equation (5) includes city dummies. 
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